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Introduction
Bioinorganic chemistry is a fast developing field of modern chemistry that uses Schiff bases and their transition metal complexes for a variety of applications, e.g. in biological, medical, and environmental sciences [1] . The Schiff base ligands are quite popular because they are easily prepared by the condensation between carbonyl compounds and amines and also have some biochemical and analytical importance [2] . Hydroxy acetophenone can be used as primary compound for the synthesis of chalcones [3] , flavones [4] etc. Schiff bases of Hydroxy aldehydes or, ketones are extensively used as coordinating ligands for the synthesis of metal complexes. Over the past decade, the syntheses of therapeutically active heterocyclic molecules have become one of the main areas of interest in synthetic chemistry [5] . These important structures have gained much consideration, because they are potentially active ligands and as well as of their binding capability towards various biological targets. Among these heterocycles, pyrimidines and their derivatives show various biochemical and agricultural applications [6] . Uracil (2,4-dihydroxypyrimidine) and thiamine (5-methyluracil) have immense importance in metabolism because these derivatives are basic units for RNA and DNA [7] . Pyrimidine ring systems in nucleic acids, vitamins and coenzymes have some effective binding sites for metal ions. The presence of more than one hetero atom and the higher π acidity of the pyrimidine rings as compared to that of pyridine bases play an important role in coordination chemistry, and also serve as a better model in biological systems [8] [9] [10] .
In the present communication, we have reported the syntheses, spectral and structural characterizations of a new NNO tridentate Schiff base ligand (H 2 MH y P) using 2-hydrazino-4,6-dimethylpyrimidine and substituted acetophenone and its Co(III) and Cu(II) complexes. The details of DNA binding activities and mode of DNA binding of these complexes have also been reported.
Experimental

Reagents and instrumentation
All the reagents used were of AR grade and obtained from commercial sources and used without purification. Sodium salt of Salmon Testis DNA was purchased from Sigma-Aldrich. Spectrograde solvents were used for spectral measurements. Elemental analyses (C, H and N) were done with a Perkin-Elmer 2400 CHNS/O analyzer. The cobalt and copper contents of the complexes were determined gravimetrically as anhydrous CoSO 4 and iodometrically, respectively. Electronic spectra were recorded on a Shimadzu UV-2401PC spectrophotometer. IR spectra (4000-450 cm -1 ) were recorded on a Perkin-Elmer L120-000A FT-IR spectrophotometer with KBr pellets. The molar conductance of the complexes in methanol were measured with a Systronics 304 digital conductivity meter. 1 
Single crystal X-ray diffraction study
Data for compounds I to IV were collected on a Rigaku FR-X Ultrahigh Brilliance Micro focus RA generator /confocal optics and Rigaku XtaLAB P200 system with Mo-Kα radiation (λ = 0.71073 Å). Intensity data were collected using ω steps accumulating area detector images spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarization effects. A multi-scan absorption correction was applied using Crystal Clear [13] . Structures were solved by direct methods (SIR 2004 [14] or SIR 2011 [15] ) and refined by full-matrix least-squares against F 2 (SHELXL-2013 [16] ). All hydrogen atoms were assigned riding isotropic displacement parameters and constrained to idealize geometries, except those bound to N or O, which were located from the difference Fourier map and refined subject to a distance restraint. Hydrogen atoms could not be located for one of the water solvent molecules in IV. Neutral atom scattering factors were taken from International Tables for Crystallography (IT), Vol. C, Table 6 .1.1.4 [17] .
Anomalous dispersion effects were included in F calc [18] . All calculations were performed using the Crystal Structure [19] interface, and figures were drawn using OLEX2 [20] .
DNA binding study
UV-Visible spectroscopic Study
The spectrophotometric studies were performed at 30 o C in Shimadzu (UV-2401PC) spectrophotometer using 1 cm path length rectangular quartz cuvette. To monitor the changes in absorption spectrum of DNA due to addition of complex II, III and IV, all of them was added gradually in each of the sample (containing DNA) and reference cuvettes. The absorbance of each complex (due to scattering) was systematically neglected by the addition of the same amount of complex in both suspensions of the cuvettes. Thereby, contribution due to scattering of compounds in DNA spectra was automatically nullified.
The interaction of the complex with the DNA was analyzed by the famous Hill equation [21] This is stated below, 
Spectrofluorimetric study
The fluorescence quenching measurements were done by using Perkin Elmer LS 55 Fluorescence spectrometer. Both the compounds as well as free DNA have no characteristic fluorescence. But intercalation of EB increased the fluorescence intensity which was used to observe the binding behavior of DNA with respect to the compounds. The said Salmon Testis DNA were prepared in sterile Tris buffer (50 mM, pH 7.5) of 1mg/ ml stock by mild sonication at 4 0 C in presence of ice, so that the linear DNA was broken into uniform size. Further the DNA was incubated with saturating amount of EB (10 mg/ ml in sterile water) in dark for another 30 mins where, complete intercalation of EB took place. Now the EB-DNA was excited at 480 nm and the emission was monitored in between 500 to 700 nm with an emission maximum at around 600 nm. The emission slit width (10 nm) and scan rate (200 nm /min) were kept constant for all the measurements.
In order to demonstrate the measure of the threshold DNA concentration and the binding constants, the fluorescence data were further analyzed according to the simplified form of the Scatchard equation [22] :
The Scatchard equation was plotted to measure the binding constant between bio-macromolecule and compounds. Where, r＝ C b /CDNA, C b ＝C t -C f . C f , C b and C t are the compounds concentrations of free form, bound form and the total form respectively, K b is the binding constant, n is the number of binding sites expressed by DNA base pairs.
Viscometric study
In order to understand the mode of DNA complex interaction -intercalation or groove binding -a viscometric study was carried out as the most authentic test [23] . Viscosity measurements were carried out with a micro viscometer (Model Brookfield DVII+pro-v6.3) attached to a water-bath at 30 o C. The viscosity of DNA in absence of any complex was first quantitated, followed by the measurements after addition of increasing concentration of compounds (II, III and IV) into the DNA up to its saturation separately. After each addition of complex, 1.5 min was allowed to attain thermal equilibrium and then the viscosity was measured individually. The viscometric data was calculated maintaining viscometric rotor stirring at 100 rpm and each measurement was repeated three times in order to find out the average of value. The data were plotted as (η/η 0 )1/3 versus r, where η and η 0 signified the viscosity of DNA in the presence and absence of complex respectively and r represented the molar ratio of complex: DNA. Table 2 . The structure of ligand (I) ( (Fig. 8) . In compound IV each complex is connected to an adjacent complex by O-H···O hydrogen bonds between the coordinated water and two bridging nitrate anions, forming a dinuclear hydrogen-bonded complex. These complexes are linked together by N-H···O hydrogen bonds to form a double-layer zigzag chain running along the ab-diagonal axis. The two water molecules are found to hydrogen bond at the periphery of this chain. Due to the inability to locate hydrogen atoms on one water it is difficult to determine what forth hydrogen-bonding interactions would arise from it, however its positioning suggests that the two water molecules could be involved in interactions linking adjacent (Fig. 9 ).
Result and Discussion
DNA Interaction Studies
Stability of the complexes in solution
The solution spectrum (in DMSO) of each reported complex species is similar in nature with the spectrum obtained in solid state (DRS), indicating no gross electronic or geometric change occurs on dissolution of the complex in the solvent; the HRMS studies of all the compounds in methanol showed satisfactory result in each case (data included in the text). Moreover, the stability of the complex species in solution has been studied by taking UV-Vis spectra of each complex species immediately after dissolution in the said solvent (zero hr) and after 48 hrs of incubation at RT. It has been observed that in each case the spectral nature is grossly similar (Figs. S1-S3 ), indicating the retention of structure in solution.
UV-Visible spectroscopic study
The absorbance at 260 nm of ST DNA in the presence of 50 mM Tris Buffer decreased gradually with the increment of the each complex concentration and there was a sign of interaction between compounds with respect to DNA Fig.10 
Fluorescence quenching of EB-DNA by compound II, III & IV
Ethidium bromide (EB) can be used as the fluorescence probe for DNA to study the molecular interactions between DNA and the compounds in the excited state. Though EB is a moderate fluorophore, but in presence of DNA it provides powerful fluorescence maximum at 600 nm on excitation at 480nm due its strong binding power with two nucleotide base pairs in intercalated state. The enhanced fluorescence of EB-DNA can be reduced by the addition of another interacting molecule [25, 26] . In the present systems, we have studied the effects of pyrimidine containing Moreover the relation of K sv with K q is K sv =K q X Γ where, K q and Γ were quenching constant and the lifetime of flour, respectively [28] . The value of K q determined the nature of quenching, as the higher value than the limiting value (limiting value of 1 X 10 10 M -1 s -1 ) denoted the static quenching whereas, the lower value denoted the dynamic ones. It was reported that the Γ value for DNA-EB was in the range of 23 ns [27] . Thus the observed K q found to be 12. 
Viscometric study
Hydrodynamic method, such as changes in viscosity, which is exquisitely dependent to the change of length of DNA, may be the most effective means studying the binding mode of compounds to DNA. To confirm the interaction mode of the complex with DNA, a viscosity study was performed. Groove-binding typically resulted in only a few changes in structure in the backbone keeping the DNA essentially in an unaltered in naturally B-form, whereas intercalation resulted in an increase in the length DNA structure due to insertion of planar ligand moiety between adjacent base pairs [23, 29] . Thus intercalation of compound inside the DNA base pairs caused lengthening, stiffening and unwinding of the helix resulting with a pronounced increment of the intrinsic viscosity. Thus increase in viscosity signified intercalation mode of interaction rather than groove binding ones. Our preliminary study showed that gradual increase of viscosity with the rise of 
Conclusion
The 
